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Abstract 
Developing low carbon economy is the present direction of the world, and industry selection is the key step to develop low 
carbon economy. According to theory and method of group decision making, the method and procedure of the industry selection 
are proposed based on fuzzy preference relations and C-IOWA operator, which reduces the objective of the experts in the process
of industry selection, so as to enhance the efficiency and quality of it. Numeric example is used to demonstrate the application of 
it, which also validates the method is scientific and applicable. 
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1. Introduction 
Many countries in the world pay more attention toward carbon constraint mechanism, developing low carbon 
economy is the main direction of the world, and the key step of developing low carbon economy is low carbon 
industry selection. According to the aim of industry adjustment, the character of industrial development, and the 
industry selection is made by using scientific method, which is the urgent subject to solve at present. Literature on 
method of industry selection is few, the majority of which is researched based on qualitative analysis and objective 
judgment[1].in the article, on the basis of the theory of group decision making and fuzzy preference relations, C-
IOWA operator is introduced into the process of the industry selection, the flow of which is optimized, and new 
method of industry selection is proposed, numeric example is used to illustrate the application of the method, which 
also validates the method is more scientific.  
2.  Criteria of Industry Selection  
Criteria is the prerequisite and foundation of industry selection, in the process of which, especially in the 
construction step of fuzzy preference relations, contrastive analysis must be made on kind of industries based on the 
theory of economic sustainability, industrial concentration, etc. Criteria in the article are as follows: 
(1) Scale economic effect of industry and the degree of resource integration. Only the industry with large market 
demand and broad prospect can make scale economic effect and resource integration. Degree of market demand and 
level of which depends on national income, and national income depends on the industrial creativity and the degree 
of size effect. Thus, scale economic effect of industry and resource integration can make industry develop on a 
higher level, and enhance the level of demand and income. 
(2) Ability of absorbing scientific and technological achievements and technological innovation. If the ability of 
which is equipped, the productive efficiency will be more higher, higher the added value of the commodities is, and 
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more prominent the differentiation of which is, the competitive power of the market is more strong, so as to make 
more contribution to the regional GDP and social development, and accomplish size effect and resource integration. 
(3) Correlative effect among industries. Only if one industry has broad and intimate technical or economic 
correlation with other industries, it can speed up the development of regional industries by agglomerate economy 
and multiplicative effect, and so does the whole regional economy. Correlative effect among industries is an 
important criteria in the process of selection regional leading industries, that is, selecting the industries which have 
long industrial expansion chain, and prominent driving effect. 
(4) Social benefits. Social benefit mainly denotes employment level; industrial employment level can be reflected 
by industry absorption. 
    (5) Sustainability. Sustainable development mainly includes the low resource consumption (material consumption 
and energy consumption) and mina environment pollution. Which can be measured by economic benefit level of the 
industry, the consumption of material and energy is the part of economic benefit, and the degree of environment 
pollution generally can be measured by the cost of pollution treatment. 
3. Methodology  
3.1. Fuzzy Preference Relations 
Let  1, 2, ,M m  ，  1, 2, ,N n  .
Definition 1[2]  Let  1,2, ,iS S i   n
S
be a finite set of alternatives, where denotes the alternative. A brief 
description of the fuzzy preference relation is given below. In a decision problem, the preference information of the 
DM on  is described by a fuzzy preference relation, ,
iS
P S S    ,ij n nP p   with membership function, 
: S S [0,1]P   , where ( , )P i jS S aij  denotes the preference degree of over :iS jS
(1) implies indifference between  and 0.5ijp  iS jS (denoted );i jS S
(2) 0 indicates0.5ijp  jS is preferred to (denotediS jS  Si ). The smaller , the stronger preference of 
alternative over ; and 
ijp
jS iS
1 iS(3) 0.5 implies is preferred toijp jS  (denoted iS  jS ). The bigger , the stronger preference of 
alternative over
ijp
iS jS .
Remark 1[3] A fuzzy preference relation,  ij n nP p  , has additive reciprocal membership if its elements satisfy   
0.5ii
ij ji
p
p p
   1
, 1, 2,i j n   , .                                                                                                                          (1) 
Remark 2[3]  A fuzzy preference relation,  ij n nP p  , has additive consistency, if its elements satisfy 
 0.5, , , 1,2, ,ij ik jkp p p i j k      n .                                                                                                            (2) 
Remark 3[4] If a group of decision makers,  1 , , mE e e  , provide preferences about a set of 
alternatives,  1,2, ,iS S i  n , by means of the fuzzy preference relations,  1, , mp p
( )c cijP p
,
, , and if  is a set of order inducing (importance, consistency) values 
associated to the set of decision makers, then the collective preference relation, obtained by using an 
1  , , 1,2, ,i j k n  k kij jip p  1 , , mu u
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QIOWA operator, , guided by a fuzzy linguistic quantifier, , is also reciprocal; also, if the set of fuzzy preference 
relations are additive consistent, then the collective preference relation has additive consistency. 
Q
Theorem 1[5] If fuzzy preference relations,  ij n nP p  , is transformed by formula 
1 1
1
0.5 , ,
n n
ij il jl
l l
q p p
n  
         i j N ，                                                     (3) 
 
then fuzzy preference relations, , satisfy adding consistency.  ij n nQ q 
Theorem 2[6] If fuzzy preference relations,  ij n nP p  , is reciprocal, then the factor weights of which can be 
gained by 
1
1 1 1
, ;
2
n
i ik i N
k
w p a
n a na 
    = 1
2
n 
.                                                                                              (4) 
3.2.  C-IOWA Operator 
Definition 2[5]  If a set of decision makers,  e1 , , mE e  , provide preferences about a set of alternatives, 
 1, 2, ,iS S i   n , by means of the fuzzy preference relations,  1, , mp p , and 
 1 21 2
1
, , , , , ,
m
m
m k
k
,kf u p u p u p w b

   
then a C-IOWA operator of dimension , , is an IOWA operator whose set of order inducing values is the set 
of individual consistency index values,
n CW
11 ,CI ,1 mCI , associated to the set of decision makers. 
CI is the distance between and , which is used as a measure of the consistency of matrix , is a 
consistent matrix derived from , and is defined as 
k k kp
k
p kp kp
p kCI
  2
1 1
( , )
n n
k k k k k
ij ij
i j
CI d p p p p k M
 
    ，  
kCI ke
C
W
                                                                                                  (5) 
the closer,1 , is to 1 the more consistent the information provided by the decision maker, , and thus more 
importance should be placed on that information, these values can be used to define the ordering of the argument 
values to be aggregated, and this kind of aggregation process defines the individual Consistency IOWA (C-IOWA) 
operator and denote it as

Φ  in Definition 2.
  According to the method proposed by Yager(2003) [7], aggregation vector can be gained by 
( ) ( 1)
( ) ( )k
S k S k
w Q Q
S n S n
        


,                                                                                                                             (6)
where,
1/
( ) ( )
( ) ( )
S k S k
Q
S n S n
     
2
    1
( )
m
k
l
S k u

 ， ，  1 kku C k M   .I
4. Method and Flow of the Industry 
341Yong Yang / Systems Engineering Procedia 2 (2011) 338 – 343NG o  / yste s i eeri  r ce i   00 (2011) 0 0–000 
4.1. Assumptions 
The article is researched based on fuzzy preference relations and C-IOWA operator, the assumptions of it are as 
follows:
(1) The judgment information are given as the form of fuzzy preference relations by experts; 
(2) The fuzzy preference relations given by experts are reciprocal; 
(3) Judgment information consistency index are confirmed based on adding consistency of fuzzy preference 
relations;
 (4) Judgment information is given by numeric form based on fuzzy preference relations. 
4.2. Method and Flow 
According to fuzzy preference relations and C-IOWA operator, assumptions, the method of risk response schemes 
selection of mining project is proposed as follows. 
Firstly, economic experts are invited to give judgment information by the form of fuzzy preference relations, then 
the quality of information given by experts weighed based on C-IOWA operator, and aggregation weights are 
gained, based on which, the group fuzzy preference relations is gained, finally, ranking it, the best industry(ies) can 
be selected, and fig.1 is the flow of industry selection. 
According to selection method and flow, the selection flow is gained as follows: 
Step1：Economic evaluation experts are invited and the judgment information by the form of fuzzy preference 
relations are given by them; 
Step2：Fuzzy preference relations are tested by consistency constraints, and the consistency form of them is 
gained, then according to formula (5), and the consistency index of the fuzzy preference relations are calculated, 
;
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Step3：Based on consistency index, CI , the order inducing variable is gained, then the aggregation 
vector, , and group fuzzy preference relation is gained, ；
k k M
cp
Step4：According to formula (4), ranking vector can be gained; 
Step5：Based on the ranking vector, the best industry(ies) can be selected. 
 
Fig.1 selection flow 
5. Numeric Example 
Taking low carbon industry selection as example for A city, a industry is to be selected to develop in A city, four 
economic experts,  , are invited to select the best industry from alternatives, 1 2 3, , ,e e e e  1 2 3 4, , ,S S S S .
According to the flow and steps, the selection process is taken as follows: 
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Step1: Four evaluation experts have given fuzzy preference relations by comparing the present industries are as 
follows:
1
0.5 0.4 0.6 0.8
0.6 0.5 0.7 0.7
0.4 0.3 0.5 0.9
0.2 0.3 0.1 0.5
p
 
 
   
   ,
2
0.5 0.3 0.6 0.8
0.2 0.5 0.7 0.5
0.4 0.3 0.5 0.7
0.2 0.5 0.3 0.5
p
 
 
   
   ,
3
0.5 0.3 0.6 0.7
0.7 0.5 0.7 0.8
0.4 0.3 0.5 0.7
0.3 0.2 0.3 0.5
p
 
 
   
   ,
4
0.5 0.3 0.7 0.9
0.7 0.5 0.8 0.6
0.3 0.2 0.5 0.7
0.1 0.4 0.3 0.5
p
 
 
   
   .
Step2: According to Remark2, the four fuzzy preference relations above are not constancy, based on formula3, 
reciprocal adding consistency preference relations can be gained, and index values of which are as follows: 
1 2 3 40.42, 0.48,  0.21,  0.38CI CI CI CI   
Step3: according to consistency index , the order inducing variable kCI k M  ku is gained, then, from 
formula(6), aggregation weights can be gained as  
1 2 3 40.16, 0.12, 0.58, 0.14w w w w   
Step4: according to aggregation weights, group industry selection judgment matrix is gained as  
0.5 0.32 0.61 0.76
0.68 0.5 0.73 0.71
0.39 0.27 0.5 0.79
0.24 0.29 0.21 0.5
cp
 
 
   
  
 
According to formula(4)，ranking vector of , that is ranking vector of industry selection is cp
 0.28,0.36,0.24,0.12 TW 
Step5：According to ranking vector, industry ordering can be gained as 
2 1 3 4S S S S  
Then the best industry of information industries for A city to develop is 2S.
6.  Conclusions 
In this article, C-IOWA operator is introduced into the selection process of the industry selection, and the method 
and flow has been also proposed in the article for industry selection. The method and flow proposed for selection 
overcomes the subjectivity of experts and can keep a better control over aggregation stage in the process of industry 
selection in great degree, so as to improve the efficiency and quality of group decision making. Furthermore, 
numeric example is introduced to illustrate the application of the method, which also validates the method is 
scientific and practicable. 
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